Rifampin in picogram quantities inhibited the ability of Mycobacterium bovis 44 BCG P3 to release 14 CO 2 from the oxidation of [ 14 C]palmitic acid. By using these mycobacteria in a bioassay, samples of serum and posterior tibial nerve were assayed for inhibitory concentrations of rifampin. Within 8 to 12 h after ingestion of 600 mg of rifampin, the drug was detected in eight patients in concentrations ranging from 0.52 to 4.1 g/ml in serum and in concentrations ranging from 0.6 to 6.3 ng/mg in posterior tibial nerve fiber tissue.
14
C]palmitic acid (59 mCi/mmol; Amersham International, Little Chalfont, Amersham, Buckinghamshire, United Kingdom) was added to each culture. The Nunc tubes, with their caps loosened, were placed in a modified Buddemeyer-type incubation vessel (8) . Next to the cultures of BCG was a sealed glass vessel (15 by 25 mm) containing a dried strip of Whatman DE42 filter paper (Whatman, Inc., Clifton, N.J.). The paper had been previously dipped into concentrated liquid scintillation counting solution (Liquifluor PPO-PPOP [2,5-diphenyloxanzole-1,4-bis(5-phenyloxazole)benzene]) toluene concentrate (New England Nuclear, Boston, Mass.) with 1% (vol/vol) Triton X-100 and an equal volume of 4 N NaOH. The 14 CO 2 captured on the filter paper was measured daily by using a RackBeta Liquid Scintillation Counter (LKB, Pharmacia, Uppsala, Sweden).
(ii) Patients. Samples of blood and nerve tissue were taken from patients ranging from 17 to 70 years of age. The patients participating in experiments I and II were multidrug-treated, multibacillary leprosy patients with inactive disease. They had been released from treatment for at least 1 year prior to their surgery. In experiment III, patient T (Pt. T) was not a leprosy patient and had never received any antileprosy drugs. Pt. F, classification unknown, was a ''burnt-out'' patient who had not received any recorded antileprosy treatment. Pt. A was treated as a multibacillary leprosy patient and had completed MDT 9 years prior to her amputation. All the patients were attending the All Africa Leprosy Rehabilitation and Training (ALERT) clinics for a surgical amputation procedure because of untreatable ulcers and noncorrectable deformities.
After informed consent had been given, blood was drawn from each patient and then an oral dose of 600 mg of rifampin was administered. Approximately 8 to 12 h later, a second blood sample was taken. Following spinal anesthesia, the patients underwent the surgical amputation procedure. The posterior tibial nerve was removed from the amputated leg from the medical malleolus and 10 cm proximally under sterile conditions. The nerve and serum samples were frozen at Ϫ79ЊC. When the nerve and serum samples from two or more patients were collected, they were bioassayed. On three separate occasions, the serum and nerve samples were assayed for rifampin and the bioassays were designated experiment I, experiment II, and experiment III.
(iii) Bioassay for rifampin in the blood. To utilize the bioassay to estimate the concentration of rifampin in patient serum, a reference standard curve was prepared as follows: three replicate cultures contained 10 4 BCG cells in 1.0 ml of 7H9-ADC medium with 10 l of normal serum from a healthy staff member and 5 l of methanol, and three replicate cultures of 1.0 ml of 7H9-ADC medium with 10 4 BCG cells contained 10 l of normal serum with 5 l of methanol with rifampin (Sigma, St. Louis, Mo.) dissolved to effect rifampin concentrations of 0.02, 0.2, and 2.0 g/ml. To determine if rifampin was present in the patient serum, three replicate cultures of 10 4 BCG cells in 1.0 ml of 7H9-ADC medium were incubated with 10 l of methanol and 10 l of serum taken prior to the ingestion of rifampin; alternatively, the BCG-methanol cul-tures were incubated with 10 l of serum drawn after ingestion of rifampin. All the cultures were enclosed in sterile Nunc tubes with the caps tightened. The cultures were incubated for 2 days at 37ЊC in a high-humidity incubator. On the third day, 0.5 Ci of [ 14 C]palmitic acid was added to each culture. The Nunc tubes, with loosened caps, were placed into the modified Buddemeyer-type incubation vessel. The 14 CO 2 captured on the filter paper was measured daily.
(iv) Bioassay for rifampin in nerve tissue. As normal serum had been added to the BCG cultures as a control in the bioassay for rifampin in the blood, a similar control in the nerve study used a section of the posterior tibial nerve from a decreased nonleprosy-non-MDT individual (normal nerve). Approximately 2-cm-long portions of the normal nerve and the patient's nerve tissue were processed for the extraction of rifampin. The epineurium was removed, and the endo-and perineurial zones were processed for extraction of rifampin. The nerve fibers were suspended in 5.0 ml of sterile 0.85% saline and ground with a pestle in a mortar. In experiment I and experiment II, an aliquot of this suspension was bioassayed. In experiment III, methanol was used to facilitate extraction of rifampin. In this procedure, 5 ml of methanol was added to the 5.0 ml of ground suspension of nerve. The methanol-saline-nerve suspension was centrifuged at 250 ϫ g for 5 min. The methanol fraction was lyophilized, weighed, and reconstituted in 2.0 ml of 7H9-ADC medium.
To estimate the concentration of rifampin in the processed patient nerve fiber tissue, a standard reference curve using BCG cultures was prepared. One set of cultures contained a 100-l volume from the sham-rifampin-extracted normal nerve suspension and 10 4 BCG cells in 1.0 ml of 7H9-ADC medium with 10 l of methanol; a second set of cultures contained 10 4 BCG cells in 1.0 ml of 7H9-ADC medium and 100 l from the sham-rifampin-extracted normal nerve suspension with 10 l of a solution containing various concentrations of rifampin in methanol. The final concentration of rifampin was 0.20, 0.02, or 0.002 g/ml.
One hundred microliters of the patient nerve tissue suspension, which had been processed for rifampin extraction, was added to the 1.0-ml cultures containing 10 4 BCG cells and 5 l of methanol. The cultures were incubated and monitored for the evolution of 14 CO 2 as described for the bioassay for rifampin in serum.
Results. After exposure of BCG cells to concentrations of 14 C]palmitic acid and release 14 CO 2 was significantly inhibited. In the cultures of BCG incubated with 2.0 ng/ml, the lowest concentration of rifampin tested, there was inhibition of oxidative metabolism on the fourth and fifth days of incubation (Fig. 1) .
By using this bioassay, the concentrations of rifampin in the sera of patients receiving rifampin were estimated. On the basis of the 14 CO 2 counts per minute of 8-day cultures of BCG receiving 10 l of normal serum (the mean cpm ranged from 64,010 to 11,795) and those receiving 10 l of serum from eight patients prior to their ingestion of rifampin (the mean cpm ranged from 87,000 to 17,684), there was no indication of the presence of rifampin in the patient serum. However, comparing the range of 87,000 to 17,684 mean cpm obtained with serum collected prior to the ingestion of rifampin with the values obtained with serum collected 8 to 12 h after the ingestion of rifampin (the mean cpm ranged from 84 to 8,454) revealed a significant reduction in counts per minute. The difference in counts per minute before and after ingestion of rifampin among a group of three subjects bioassayed in experiment III is illustrated in Fig. 2. A summary of the estimates of the concentrations of rifampin in the sera of eight patients is given in Table 1 . For each experiment, a standard curve for linear regression analysis was prepared by using the log 10 transformation of the individual counts per minute from each of three control cultures of normal serum with and without rifampin as the independent vari- able (x). The mean log 10 counts per minute of the patient serum was used as the dependent variable (y), and the quantity of rifampin was then calculated by using the equation for the linear regression. To determine if rifampin was present in the patient nerve fiber tissue, three separate experiments with three separate standard curves were analyzed. A summary of the estimated concentrations of rifampin in the nerves of eight patients is given in Table 1 . Figure 3 illustrates the evolution of 14 CO 2 in BCG cultures treated with normal nerve tissue with and without addition of rifampin and with nerve tissue from three patients from experiment III. The mean counts per minute of the methanol extract of the nerves from these patients was significantly less than the mean counts per minute of the methanol extract of normal nerve cultures which received no rifampin (Fig. 3, line A) and was also less than the value for methanol extracts of normal nerve tissue with rifampin added at 2.0 ng/ml (line B). Table 2 summarizes the analysis of the data used to estimate the concentrations of rifampin in the methanol extracts of nerve tissues from Pt. A, Pt. F, and Pt. T.
Discussion. This study demonstrated that rifampin was present in serum and penetrated into the posterior tibial nerve fiber tissue of humans. None of the patients had detectable levels of rifampin in serum samples taken prior to ingestion of rifampin, whereas all the patients had rifampin in their sera after the single 600-mg oral dose. The amount of rifampin estimated to be present in the serum is comparable to that estimated from previous pharmacokinetic studies with humans (1) . From previous studies, depending on the frequency with which rifampin was received and the dose of rifampin, the peak concentrations varied among subjects and also within subjects. In general, approximately 2 h after a 600-mg oral dose of rifampin a peak serum drug concentration of approximately 10 on June 22, 2017 by guest http://aac.asm.org/ g/ml was detected, and the biologic half-life (t 1/2 ) of rifampin has been estimated to be 3 h. On the basis of these estimates (a serum rifampin concentration of 10 g/ml [C 0 ] after 2 h and a t 1/2 of 3.0 h [k ϭ 0.693/t 1/2 ]), the estimated concentration (C) could have been 0.99 g/ml at a time (t) of 10 h (12 Ϫ 2 h) and 2.5 g/ml at t ϭ 6 h (8 Ϫ 2 h) (C ϭ C 0 e Ϫkt ), (9) . This range of calculated values for rifampin in serum is compatible with those obtained in this study.
The contribution of rifampin contained in blood remaining in the processed nerves is difficult to estimate. McDougall et al. (Table 1) are compatible with those found in these animal studies.
Pt. T and F had received rifampin only once on the occasion of the experimental protocol; the other six patients had been enrolled in the long-term MDT program recommended by the World Health Organization. These patients (four male and two female, ranging in age from 17 to 70 years) had received 600 mg of rifampin and 300 mg of clofazimine once monthly under supervision and presumably 100 mg of dapsone and 50 mg of clofazimine self-administered daily. Despite the fact that the patients had not received MDT for at least a year, there is the possibility of residual antimycobacterial drugs, especially clofazimine, in the nerve tissue. On the basis of an average biological t 1/2 of 28 h for dapsone (3) and 3 h for rifampin (1, 3) , it is highly unlikely that there was any carryover of these drugs in the bioassay. Mathematically, however, 1 year after release from MDT the patients could still have clofazimine in their nerve tissues. Clofazimine was detected at 1.7 mg/g of nerve tissue in a patient who had a total intake of 19.9 g of drug for some 243 days until his death (6) . On the basis of these data and assuming the deposition of clofazimine in nerve tissue is cumulative without decay and directly related to the total intake of 43.7 g as prescribed for MDT, the patients could, at an optimistic estimate, have 3.7 mg of drug present per g of nerve tissue at the end of their MDT regimen. If 70 days is the minimum estimated t 1/2 of clofazimine in skin tissue of humans (5), 1 year after release from MDT (estimated minimal release time for patients 1, 2, 3, 4, and 5), patients could have clofazimine present at 0.115 mg/g of nerve tissue. Patient A, who was released from MDT as a multibacillary leprosy patient 9 years prior to her surgery, mathematically could have clofazimine present in her nerve tissue at 2.78 ϫ 10 Ϫ14 mg/g. In a similar radiorespirometric assay, three replicate cultures of this strain of BCG in the absence of clofazimine gave 12,201 Ϯ 5,788 cpm, while three replicate cultures with clofazimine at 20.0 ng/ml gave 10,954 Ϯ 1,315 cpm, three replicate cultures with clofazimine at 2.0 g/ml gave 11,074 Ϯ 512 cpm, and three replicate cultures with clofazimine at 0.2 g/ml gave 10,851 Ϯ 1,654 cpm (2a) .
Despite the experimental evidence for adequate penetration of the anti-M. leprae drugs currently used in MDT, the presence in nerve tissue of persistent M. leprae strains, especially those that may be genetically resistant to one or more of the drugs currently used in MDT, warrants the continued search for new antileprosy drugs.
